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Abstract:  This  article  introduces  software  support  and  maintenance  from  effort  estimation 
perspective.  Software  maintenance  is  a  set  of  activities  needed  for  cost-effective  support  of  IT 
solution. More or less, delivery strategies and best practices focus mostly on delivery process and only 
some of them partially cover effort estimation. Magne Jørgensen in his work formulated conclusions 
that 83 to 84% of all estimation is done by pure expert estimates and estimating models are not used 
basically  due  to  their  complexity.  Author  introduced  his  simplified,  easy  to  use  approach  to  effort 
estimation in software maintenance based on extending PERT formula about quality of estimator and 
historical experience. Both formulas were verified in sub-competence center for supporting mortgage 
IS with significantly better result than only pure PERT estimate (98.8% and 91.8% against pure PERT 
90.1%). 
Key  words:  Software  support  and  maintenance,  COE,  center  of  excellence,  sub-center 
of excellence, methodology, model, effort estimation, planning, PERT, expert estimation, quality of 
estimator, usage of estimation. 
1.  Introduction 
Not only in the time of world global crisis but also in the more stable times, there should be focus on 
overall high quality and timely delivery of products and services as a part of economical and delivery 
excellence  in  each  company.  In  today’s  world  we  can  find  countless  number  of  strategies  and 
approaches, how to deliver products and services to end consumers via project and operation tasks.  
More or less, those delivery strategies, approaches, methodologies, frameworks, methods, processes 
or the most simply – best practices – focus on delivery processes, their - inputs, outputs, products, 
roles,  responsibilities,  quality,  measurements  etc.  Some  of  them  also  partially  cover  or  at  least 
mention area of effort estimation, techniques and approaches to estimating. Small amount of them 
discuss how to really estimate effort practically.  
Christopher  Jarabek  introduced  in  his  work  Expert  Judgment  in  Software  Effort  Estimation  (see 
further)  how  to  improve  estimates  based  on  historical  knowledge  via  classical  learning  loop.  This 
approach is enriching area of effort estimation, however is not formally supported by any formula. 
Subject of this article is to introduce simple and easy to use formulas to estimate effort in software 
maintenance based on PERT, which are modified and enriched by quality of estimator and historical 
data from applicable estimates (effort estimate and following spending in reality).  
From  the  perspective  of  global  economy,  enterprise  economy,  business  and  product  prices,  the 
operation - software support and maintenance area is crucial for the overall costs associated with 
investing into selected solution.  
„Although figures vary, several surveys indicate that software maintenance consumes 60% to 80% of 
the  total  life  cycle  costs;  these  surveys  also  report  that  maintenance  costs  are  largely  due  to 
enhancements  (often  75–80%),  rather  than  corrections.”,  (Canfora,  2000).  „The  relative  cost  for 
maintaining software and managing its evolution now represents more than 90% of its total cost.“, 
(Koskinen, 2010). 
In the long term, author of this article focuses on software solutions support and maintenance from the 
perspective of organizational, methodological and management. Based on his research, he introduced 
definition  of  center  of  excellence  for  support  and  maintenance,  definition  of  its  sub-center  of PETR MAROUNEK 
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excellence to support selected solution (or related solutions), his enrichment of ontology of software 
support  and  maintenance,  and  simplified,  easy  to  use  approach  to  effort  estimation  in  software 
maintenance based on extending PERT formula about quality of estimator and historical experience. 
All  mentioned  areas  except  approach  to  effort  estimation  are  out  of  the  scope  of  this  article  and 
detailed description of them can be found in author’s thesis (Marounek, 2012), 
Content of this article consists of following structure: 
–  Introduction - to the article, software support and maintenance area, effort estimation and major 
models and process frameworks. 
–  Chapter 2 – author presents his two approaches to effort estimation, compares three approaches 
(simple original PERT, PERT with historical data modification and PERT with historical data and 
quality of expert modifications) and discusses the results. 
–  Conclusion – author discusses summary of the paper, highlight key ideas, potential limitations 
and recommends additional investigation and research. 
1.1  Software support and maintenance 
Scope  of  "support,  maintenance  and  operation"  is  to  maintain  and  develop  the  application  in 
a production environment and also to support its end users who continuously use it. It is basically 
about bug fixing, development and modification functionalities, data, performance optimization, etc.  
The need for these changes was researched by Lehman, who’s defined so called Lehman’s laws. 
„A program that is used in a real world environment necessarily must change or become progressively 
less useful in that environment”. Significant changes also derive from the need to adapt software to 
interact with external entities, including people, organizations, and artificial systems. In fact, software 
is infinitely malleable and, therefore, it is often perceived as the easiest part to change in a system.“ 
(Brooks, 1987). 
Organization IEEE, Institute of Electrical and Electronics Engineers, defines support and maintenance 
as following: “Software maintenance is the process of modifying a software system or component after 
delivery  to  correct  faults,  improve  performances  or  other  attributes,  or  adapt  to  a  changed 
environment.”, (IEEE, 1990). 
“Several authors (Schneidewind, Osborne and Chikofsky, Pigoski etc.) disagree with this view and 
affirm  that  software  maintenance  should  start  well  before  a  system  becomes  operational.  Pigoski 
captures the needs to begin maintenance when development begins in a new definition: “Software 
maintenance  is  the  totality  of  activities  required  to  provide  cost-effective  support  to 
a software system. Activities are performed during the pre-delivery stage as well as the post-delivery 
stage. Pre-delivery activities include planning for post delivery operations, supportability, and logistics 
determination.  Post-delivery  activities  include  software  modification,  training,  and  operating  a  help 
desk.” 
“This definition is consistent with the approach to software maintenance taken by ISO in its standard 
on software life cycle processes It definitively dispels the image that software maintenance is all about 
fixing bugs or mistakes.”, (Canfora, 2000). 
Author of this work fully agrees with the view that operation, maintenance and software support starts 
deeply in the delivery solution phase. One of the best practices of IT industry is participation of future 
support  and  operation  staff  in  the  project  delivery,  as  it  supports  knowledge  transfer  and  also 
smoother transfer of solution from project delivery in the production environment. Software delivery 
methodologies specify certain software support and maintenance outputs and tasks, which should be 
developed during project. For example, the solution should be designed with regard to non-functional 
requirements, where one of them is the supportability (in a future production environment). 
1.2  Effort estimation and software support  
Based on available literature study (for detailed literature study and review see chapter References of 
this article and author’s thesis (Marounek, 2012)), author of this work considers to mention following 
five core key works about effort estimation in software support and maintenance area. These works 
describe the view of the definition and specification of effort estimates, the history of the estimation 
models  and  approaches,  and  finishes  with  idea,  why  it  is  necessary  to  continuously  create  new, SIMPLIFIED APPROACH TO EFFORT ESTIMATION IN SOFTWARE MAINTENANCE 
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simpler and easy to use effort estimation models and techniques. Moreover, some of them deeply 
discuss why historical complex models and approaches are poorly used (more precisely they are not 
used). These are the following works: 
Historical view to effort estimation techniques: 
  Vu Nguyen - Improved Size and Effort Estimation Models For Software Maintenance, 2010. - 
Thesis from University of California (Nguyen, 2010). 
  Overview from Simula Research Laboratory by Magne Jørgensen – A Review of studies on 
expert estimation of software development effort, 2004 (Jørgensen, 2004). 
  Overview from Information Technology Research Institute and University in Jyvaskyla from 
Jussi Koskinena and colleagues – Software Maintenance Cost Estimation and Modernization 
Support, 2003 (Koskinen, 2003). 
  Thesis from Václav Macinka from Masaryk University in Brno – Cost Determination Methods of 
Software Projects, 2009 (Macinka, 2009).  
Methodology for improvement of expert estimates: 
  Research from Christopher Jarabek from University of Calgary – Expert Judgment in Software 
Effort Estimation (Jarabek). 
In  his  work  “A  Review  of  studies  on  expert  estimation  of  software  development  effort”,  Magne 
Jørgensen formulated conclusions from 100 publications research on the topic of effort estimating - 83 
to 84% of all estimation is done by pure expert estimates. He even mentioned that there are selected 
researches,  where  62%  of  effort  estimates  are  based  only  on  pure  intuition  and  experience.  The 
reasons for lack of adaptation and usage of formal models and their formalism widely are following: 
  Uncomfortable, distrustful approach to models, to which team members do not fully understand 
(own knowledge and experience of the author of this work - it implies that models are too 
complex). 
  The absence of convincing evidences that the estimates based on using models lead to more 
accurate results than the use of simple expert estimates. 
  Recommendation from Principles of Forecasting study: „Select simple methods unless 
substantial evidence exists, that complexity helps.“, (Jørgensen, 2004).  
The author fully agrees with the conclusions of Magne Jørgensen researches, therefore part of his 
research, which is discussed in this paper, deals with the expert estimates. 
1.3  Major  models  and  process  frameworks  for  effort  estimation  of  support  and 
software maintenance  
There  are  several  views  of  the  estimation  techniques  taxonomy,  where  the  most  widely  used  are 
based on Macinka (Macinka, 2009) and Hareton and Zhang (Hareton and Zhang, 2009): 
  Manual and Automated techniques. 
  For the purpose of software support and maintenance effort estimation, the split into two major 
groups - to the techniques for software development and techniques for support and 
maintenance - are being commonly used as well. 
In general, in the manual or automated techniques, the effort estimation is done on following three 
levels - the phase or stage, release and task. Estimation of task effort is the most accurate from them. 
For the manual estimates, the expert judgment and experience are being used and  in  automated 
estimates efforts are calculated based on models - such as COCOMO or Putnam.   
1.3.1  Expert estimates 
Expert estimate is an informal estimate, where expert estimates an effort of selected task. The quality 
of estimate depends on the simplicity or complexity of estimated task itself, degree of formalism and 
the mostly - on expert experience – within the estimation technique itself and also estimated problem. 
The  estimate  result  can  be  one  or  two  numbers  –  which  are  representing  negative  and  positive 
scenarios. In reality, there is necessity to have only one number, therefore various statistical methods 
or PERT estimates are often used. PERT estimate is defined as the sum of worst-case outcome, the 
optimistic  outcome  and  four  times  of  the  expected  result.  The  whole  is  divided  by  the  number  of 
members. PETR MAROUNEK 
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1.3.2  Expert estimates done in groups 
Expert estimates done in groups eliminate the risk associated with the lack of one expert experience. 
Typically, group of 3 - 5 experts from different parts of organization are used. They bring a new, fresh 
look to any activity estimation and for their work they can use unstructured or structured approach in 
the form of PERT or Wideband Delphi. 
According to a study, where 24 groups of people were tested, the final decrease of relative error in 
comparison of estimates done in group versus estimated done by individual expert - the rate dropped 
to nearly half, from 55% to 30% (Macinka, 2009). 
1.3.3  Proxy based estimation 
Proxy based estimation is based on finding the relationship between project output and their ratio. 
Typically,  the  number  of  functionalities  to  the  number  of  test  cases.  Model  sample  for  better 
understanding  -  if  we  know  that  it  is  necessary  to  test  one  functionality  with  five  test  cases,  the 
representative of functionality is used to estimate the number of test cases. Typical representative of 
proxy based estimation is fuzzy logic. 
1.3.4  Estimation by analogy 
Estimation by analogy is based on finding similar activities and estimation of effort based on their 
comparison. 
Macinka presented in his work following 3 steps: 
1.  Obtaining data from similar (analogous) project. 
2.  Comparison of data from available metrics and a new project. 
3.  Creating new project estimate based on the ratio of the metrics. 
As Macinka further stated - it is necessary to keep the following rules to get valid results: 
  Similar size of tasks (no more than three times). 
  Similar size and structure of support and maintenance team. 
  Similar content of the project. 
According to Magne Jørgensen, this is the second most commonly used technique, after the pure 
expert estimates. 
1.3.5  Algorithmic models 
With respect to low penetration of the algorithmic effort estimation models and also considering that 
analysis of this models is not subject of this work, the author enumerate only the most significant of 
them  in  the  list  which  is  reused  from  Vu  Nguyen  thesis.  This  list  does  not  contain  two  additional 
models: 
1.  For obvious reason, the result of Vu Nguyen thesis - extension of COCOMO II and its 
parameterization. 
2.  General Model for software maintenance by Banker et al. 
As reader can see in the tables bellow, there are listed major models, which show the importance of 
effort estimation  in software maintenance.  Each model  is classified  by key  attributes starting from 
name and resulting with accuracy. And based on experience of article’s author, the complexity and 
accuracy are most important reasons, why those models are not so widely used. 
Author of this article would like to refer again to Magne Jørgensen work “A Review of studies on 
expert  estimation  of  software  development  effort”,  where  was  formulated  that  83  to  84%  of  all 
estimation  is done  by  pure expert estimates and 62% of effort estimates are based only on pure 
intuition and experience. The reason for lack of usage of formal models is mainly – uncomfortable and 
distrustful approach to models, to which team members do not fully understand (own knowledge and 
experience of this work author - it implies that models are too complex). 
 
 SIMPLIFIED APPROACH TO EFFORT ESTIMATION IN SOFTWARE MAINTENANCE 
JOURNAL OF SYSTEMS INTEGRATION 2012/3    55 
Tab. 1: Software support and maintenance effort estimation models - I. (Nguyen, 2010) 
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Tab. 2: Software support and maintenance effort estimation models - II. (Nguyen, 2010) 
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2.  Simplified approach to effort estimation in software maintenance based 
on  extending  PERT  formula  about  quality  of  estimator  and  historical 
experience 
Estimating  effort  of  software  support  and  maintenance  introduced  by  author  is  based  on  the 
"Methodology for Improving Expert Judgment" from Christopher Jarabek. This methodology consists 
of 3 phases: 
1.  Record - At this stage, selected effort metrics are recorded - the estimate and reality. Based 
on the methodology, it is up to specific organization, how these metrics will be captured and 
maintained. 
2.  Learn - This phase involves feedback to the experts - the quality of expert’s estimates and 
actual spending. 
3.  Estimate - In this phase, the methodology recommends strategy for improving estimates. 
(Jarabek). 
 
Picture 1: Methodology for improving expert estimates (Jarabek) 
Author of this work introduces his extension of this methodology for recommendation, how to store 
and evaluate effort and formal formula for effort estimation calculation. 
Based  on  missing  formalization  for  expert  effort  in  software  support  and  maintenance,  author 
proposes to use and modify PERT formula with data from similar tasks realization. 
 
                           Min + 4x Mod + Max  + 1/n ∑ Xi 
                                    6 
                             O  =                           
                      2 
 
Where:  
  ‘O’ represents calculated effort estimation of selected task (from group of tasks to support and 
maintenance of selected application/system) in any sub-competence center for support and 
maintenance of selected application/system. 
  Average values from knowledge base for similar relevant tasks are calculated as 1/n ∑ Xi.  
Knowledge base of estimates might be implemented in any technology. It is important that it includes 
all  necessary  information  to  identify  the  functionality  that  was  estimated,  under  what  conditions, 
expectations, risk and who did it. And to that, of course, the reality of spending.  
For the purpose of measuring the quality of estimates following formula can be used according to 
(Macinka) - Magnitude of Relative Error MRE: 
 
                   MRE = (reality – estimate) / reality 
Based  on  historical  rows  of  MRE  values,  it  is  possible  to  rank  each  expert  by  probabilities 
P (exp), which represents the quality of his/her estimates in time and is calculated as MRE. Of course, 
longer historical rows of values give more accurate results. The modified formula of calculating effort 
estimate is: PETR MAROUNEK 
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     P(expA)*Min + P(expA) 4x Mod + P(expA)*Max  + 1/n ∑ Xi 
               6 
                 O  =            
                                  2 
 
Where: 
  ‘O’ represents calculated effort estimation of selected task (from group of tasks to support and 
maintenance of selected application/system) in any sub-competence center for support and 
maintenance of selected application/system. 
  Average values from knowledge base for similar relevant tasks are calculated as 1/n ∑ Xi. 
  P(expA) represents quality of selected expert in percentage (probability) and is calculated as 
MRE. 
3.  Formulas verification  
Above  mentioned  formulas  were  verified  in  Sub-competence  center  of  excellence  for  support  and 
maintenance of selected system in one multinational bank operating also in the Czech Market. 
Definitions  and  difference  between  competence  center  for  support  and  maintenance,  and  its  sub-
competence centers for support and maintenance of selected solution (or related solutions), are out of 
the this article scope and are widely discussed in author‘s Thesis (Marounek, 2012), therefore author 
describes only following basic introduction to this area. 
Definition of Competence center for support and maintenance: 
Competence Center (COE) for support and maintenance is organizational unit that uses structured set 
of processes, procedures and tasks together to enhance most efficient delivery of services in software 
support and maintenance. To support this approach, COE is appointed by experts (SME) in their area, 
who support collaboration and application of knowledge, techniques, tools and processes. 
Neither of several general definitions of the competence center, or newly defined competence center 
for support and maintenance, covers the issue of support, maintenance and operation of the selected 
application or system. General public, usually also uses the term competence center for this unit. 
Author of this work sees this problem more holistically - like parent/child dependency. Therefore, the 
author  introduces  the  concept  of  sub-competence  center  as  a  child  unit  that  specializes  only  to 
support and maintenance of just one selected solution (or group of related solutions). 
Sub-Competence  Center  for  support  and  maintenance  of  selected  solution  (or  related 
solutions) defines author as follows:  
Sub-Competence Center for support and maintenance of selected solution (or related solutions) is 
organizational unit that uses structured set of processes, procedures and tasks together to enhance 
most efficient delivery of services in support and maintenance of one application or system, or logically 
related solutions (e.g. templates, prints, etc.). To support this approach, SUB-COE is appointed by IT 
experts (SME) in their area, who support collaboration and application of knowledge, techniques, tools 
and processes. 
From  Competence  center,  its  SUB-COE  inherits  and  following  items  –  scope,  metrics,  reporting, 
methodology, system integration and release plan and QA. 
Formulas verification in sub-competence center for supporting mortgage IS: 
New request for new report implementation, which is going to represent overview of all requests for a 
mortgage (including clients, affiliates, who recommended client, volumes, satisfaction, etc.) came into 
sub-competence center for supporting mortgage IS. Request also contained requirements for potential 
updates  of  this  report,  ability  to  export  it  into  MS  Excel,  and  language  mutations  in  English  and 
German languages. After analysis and clarification of requirements with end user, estimated effort by 
expert ranged from at least 23 man-days up to 26 man-days, most likely 24 man-days. Analogical 
reports were implemented in the past (an overview of loans, loan review, etc.), therefore there exists 
historical data (as you can see in the tables bellow). SIMPLIFIED APPROACH TO EFFORT ESTIMATION IN SOFTWARE MAINTENANCE 
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Tab 3: Effort calculation based on PERT method 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
id  Functionality 
Min. 
Estimate  
Max. 
Estimate 
Most 
Probable 
Estimate  PERT 
Reality  of 
worker C 
Reality  of 
worker D 
Reality  of 
worker E  MRE 
Quality  of 
estimate 
1  Task 1  4  7  6  5,83  5,00        -0,17  83,33 
2  Report  19  24  21  21,17        17,00  -0,25  75,49 
3  Task 3  3  6  5  4,83  7,00        0,31  130,95 
4  Report  19  25  23  22,67     21,00     -0,08  92,06 
5  Task 5  5  8  7  6,83  6,00        -0,14  86,11 
6  Task 6  5  8  6  6,17  4,00        -0,54  45,83 
7  Task 7  4  7  6  5,83        5,00  -0,17  83,33 
8  Report  23  26  24  24,17  20,00      -0,21  79,17 
9  Task 9  17  20  18  18,17  20,00        0,09  109,17 
10 
Example 
report  23  26  24  24,17     22,00     -0,10  90,15 
11  Task 1  12  16  13  13,33        12,00  -0,11  88,89 
12  Report  19  23  22  21,67                PETR MAROUNEK 
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Tab. 4: Effort calculation based on PERT method extended with historical data from knowledge base (where applicable) 
 
id 
Functio
nality 
Min. 
Esti
mate  
Max. 
Esti
mate 
Most 
Prob
able 
Esti
mate 
Data 
from 
KN 
Base 
PERT 
KNBAS
E 
Reality  of 
worker C 
Reality  of 
worker D 
Reality  of 
worker E 
Average 
from KN 
BASE  MRE 
Quality  of 
estimate 
1  Task 1  4  7  6  N  0,00  5,00                
2  Report  19  24  21  N  0,00        17,00          
3  Task 3  3  6  5  N  0,00  7,00                
4  Report  19  25  23  Y  19,83     21,00     17,00  0,06  94,44 
5  Task 5  5  8  7  N  0,00  6,00                
6  Task 6  5  8  6  N  0,00  4,00                
7  Task 7  4  7  6  N  0,00        5,00          
8  Report  23  26  24  Y  21,58  20,00      19,00  -0,08  92,08 
9  Task 9  17  20  18  N  0,00  20,00                
10 
Exampl
e report  23  26  24  Y  21,75     22,00     19,33  0,01  98,86 
11  Task 11  12  16  13  N  0,00        12,00          
12  Report  19  23  22  Y  20,83           20,00       
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Tab. 5: Effort calculation based on PERT method extended with historical data from knowledge base (where applicable) considering the quality  
of estimates of expert 
 
 
 
 
id  Functionality 
Min. 
Estim
ate  
Max. 
Esti
mate 
Most 
Proba
ble 
Estima
te 
Data 
from 
KN 
Base 
P  PERT 
KNBASE 
Reality 
of 
worker C 
Reality 
of 
worker D 
Reality 
of 
worker E 
P  (x) 
Expert  MRE 
Quality 
of 
estimate 
1  Task 1  4  7  6  N  0,00  5,00                
2  Report  19  24  21  N  0,00        17,00          
3  Task 3  3  6  5  N  0,00  7,00                
4  Report  19  25  23  Y  19,45     21,00     0,97  0,07  92,61 
5  Task 5  5  8  7  N  0,00  6,00                
6  Task 6  5  8  6  N  0,00  4,00                
7  Task 7  4  7  6  N  0,00        5,00          
8  Report  23  26  24  Y  19,81  20,00  Vacation  Vacation  0,85  0,01  99,04 
9  Task 9  17  20  18  N  0,00  20,00                
10 
Example 
report  23  26  24  Y  20,21     22,00     0,87  0,08  91,87 
11  Task 11  12  16  13  N  0,00        12,00          
12  Report  19  23  22  Y  19,50           0,88       JIRI VORISEK, JAROSLAV JANDOS, AND JIRI FEUERLICHT  
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Tab. 6: Evaluation of estimates and their quality rate 
 
After  completion  of  nine  tasks  in  the  SUB-KC,  overall  approach  to  estimating  and  calculating  of 
software support and maintenance effort was evaluated with the following results: 
  Pure expert estimate had a 90.1% success rate.  
  Proposed author’s formalization – enriching expert estimates with the relevant data from the 
history increased estimate to 98.8% success rate. 
  Proposed author’s formalization – enriching expert estimates with the relevant data from history 
and with the 87% quality success rate of expert estimate, led to 91.8% success rate. Here 
should be mentioned and considered the influence of different estimates quality of estimates 
from one expert, the effect of very short time row and the influence of varying quality of each 
team member.  
Despite of both author’s proposed formalization of effort calculation are simple and easy to use they 
give better results than simple PERT estimates. However, author of this article is aware of quite short 
historical row of values,  which might  affect calculated results. Of course, longer historical rows of 
values  give  more  accurate  results  and  for  future,  validation  on  longer  row  of  values  should  be 
performed. On the other hand, if we currently compare all cases, where each case was calculated by 
three formulas – author’s proposal of PERT formula modification always give better result than pure 
PERT estimates. 
4.  Conclusion 
This work introduces the area of software support and maintenance and deeply discusses its subpart 
– effort estimation approaches. Software maintenance is a set of activities needed for cost-effective 
support of IT solution. As widely discussed in introduction chapter, most of effort estimates are done 
by pure expert estimates. 
Author introduced basic definitions of center of excellence for support and maintenance, and its sub-
center of excellence to support selected solution (or related solutions) and simplified, easy to use 
approach to effort estimation in software maintenance based on extending PERT formula about quality 
of  estimator  and  historical  experience.  Both  formulas  were  verified  in  sub-competence  center  for 
supporting mortgage IS with significantly better result than only in pure PERT estimate (98.8% and 
91.8% against pure PERT 90.1%). However, author of this article is aware of short historical row of 
id  Functionality  PERT 
PERT 
KN 
BASE 
P 
PERT 
KN 
BASE  Reality 
Quality  of 
PERT 
estimate 
Quality  of 
PERT  and 
KNBASE 
estimate 
Quality  of 
PPERTand 
KNBASE 
estimate 
1  Task 1  5,83  0,00  0,00  5,00  83,33       
2  Report  21,17  0,00  0,00  17,00  75,49       
3  Task 3  4,83  0,00  0,00  7,00  130,95       
4  Report  22,67  19,83  19,45  21,00  92,06  94,44  92,61 
5  Task 5  6,83  0,00  0,00  6,00  86,11       
6  Task 6  6,17  0,00  0,00  4,00  45,83       
7  Task 7  5,83  0,00  0,00  5,00  83,33       
8  Report  24,17  21,58  19,81  20,00  79,17  92,08  99,04 
9  Task 9  18,17  0,00  0,00  20,00  109,17       
10 
Example 
report  24,17  21,75  20,21  22,00  90,15  98,86  91,87 
11  Task 11  13,33  0,00  0,00  12,00  88,89       
12  Report  21,67  20,83  19,50             SPSPR MODEL - FRAMEWORK FOR ICT SERVICES MANAGEMENT 
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values, which might affect calculated results and therefore recommends validation on longer row of 
values in the future . 
There are additional opened issues to be solved in further research resulting from author’s concept of 
dividing competence centre into two parts - Competence center for support and maintenance, and 
Sub-competence center for support and maintenance of selected solution (or related solutions): 
  How to prioritize tasks in Sub-competence center – to find formula or process to define, which 
tasks should be done in advance and which might be postponed to efficiently balance 
between requests to be done and capacities of support and maintenance team. 
  How to allocate resources in Sub-competence center – to find formula or process how to 
maximally allocate senior team members and how to give priority to unallocated team 
members before partially allocated. 
Selected basic formalization and thoughts regarding mentioned areas are widely discussed in author’s 
thesis (Marounek, 2012). 
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